Oestrus was detected using an oestradiol-treated steer, and ovulation inferred from progesterone profiles. A 'short luteal phase' oestrous cycle preceded the first observed oestrus, and this was followed in all heifers by a normal length luteal phase. However, no increase in mean LH concentrations, basal LH concentrations, LH episode frequency, LH episode amplitude or change in mean FSH concentration could be directly associated with the onset of puberty. It is therefore concluded that the gonadotrophic stimulus for first ovulation must occur abruptly.
Introduction
The 'gonadostat' hypothesis has been advanced to explain the mechanism behind the onset of puberty (Ramirez & McCann, 1963) . The hypothesis is based on the observation that gonado¬ trophin secretion escapes from steroid hormone suppression at the pubertal age in ovariectomized animals given oestradiol implants (rat: Steel & Weisz, 1974;  sheep: Foster & Ryan, 1979; heifer: Day et al, 1984) . These observations are believed to indicate that the hypothalamic mechanism controlling gonadotrophin secretion in the immature animal is highly sensitive to the inhibitory effects of oestradiol. As puberty approaches, this sensitivity decreases, allowing gonadotrophins to rise to concentrations sufficient to stimulate follicular growth and hence produce the first ovulation. Although it is generally accepted that this hypothesis may be applicable to farm species, appropri¬ ate experimental results are limited. Conflicting data have been recorded for the heifer; some workers have reported that episodic LH release increases gradually from birth to puberty (Schams et al, 1981; Day et al, 1984) , while others have been unable to detect such changes (González-Padilla et al, 1975a; McLeod et al, 1984) . The infrequent blood sampling regimen used in the study of Gonzalez-Padilla et al. (1975a) was inadequate to identify changes in episodic patterns of gonadotrophin secretion, and the use of only limited periods of frequent sampling (Schams et 1981 ; Day étal, 1984) could lead to inaccurate estimations of LH episode frequency. Furthermore, studies in the sheep may be confounded by the strong influence of season. The aim of this study was to characterize in detail the pattern of gonadotrophin secretion from birth to puberty in the heifer with the long-term view of determining whether gonadotrophin secretion in the prepubertal heifer might be manipulated to induce premature ovulation.
Materials and Methods

Animals
Twelve autumn born Hereford Friesian heifers were bought at 3 days of age, and reared on milk substitute at the School of Agriculture. After weaning at 7 weeks of age, they were maintained as a single group and fed a diet of concentrates and hay designed to produce a growth rate of 0-65 kg/day. The animals were housed indoors under conditions of natural daylength and temperature, until being turned out on to pasture at 31 weeks of age.
Collection of blood samples. Blood samples (25 ml) for LH and FSH determinations were collected by jugular puncture, weekly from 3 days of age until after the completion of an oestrous cycle of between 18 and 22 days, reported to be the normal range for the heifer (Robinson, 1977) . From 39 weeks of age until the onset of regular oestrous cycles, blood samples (7 ml) were collected by jugular puncture 3 times weekly for progesterone analysis. (1977) . Within this study the limit of sensitivity of the assay was 0-33 ng NIH-LH-B9 equiv./ml plasma and the inter-and intra-assay coefficients of variation were 71% and 8-8%, respectively.
Plasma samples were assayed for FSH by the heterologous radioimmunoassay of Webb et al (1980) . The limit of sensitivity within this study was 11 ng NIH-FSH-B1 equiv./ml plasma. Inter-and intra-assay coefficients of variation were 12-6% and 10%, respectively.
Progesterone concentrations were measured in plasma by the extraction technique described by Webb et al (1977) , with the modifications of Hunter et al (1986) . The limit of sensitivity was 0T ng/ml plasma, the mean extrac¬ tion efficiency was 85 + 40% and both the inter-and intra-assay coefficients of variation were < 15%.
Analysis ofdata. An LH episode was defined by the following criteria (a) an increase of at least 1 ng, representing an increase of^4 times the intra-assay coefficient of variation of duplicate pairs above the preceding baseline value, (b) at least 2 points between the peak value and the succeeding trough or baseline, and (c) a rate of decline in concentrations after the peak no greater than that allowed by the known half-life of the hormone. 
Gonadotrophin data from birth
As the heifers were all of the same age, gonadotrophin data were initially analysed, with respect to time, from the first sampling period onwards. This analysis was not continued beyond 39 weeks of age in order to minimize differences in physiological stages of maturity between animals. Thereafter LH and FSH data were standardized about the presumed prepubertal ovulation which preceded the initial short-lived rise in progesterone. LH data from the analysis of 24-h profiles are shown in Fig. 2 
(a).
The overall mean plasma LH concentration decreased from 0-96 to 0-76 ng/ml between 3 and 15 weeks of age, increasing to 1-21 ng/ml by 35 weeks of age. The data showed significant linear (P < 0001) and cubic (P < 001) trends. Basal LH concentrations showed significant quadratic and cubic trends (both < 0001), decreasing from 0-94 ng/ml at 3 weeks of age to 0-55 ng/ml at 15 weeks of age, thereafter increasing to 0-71 ng/ml at 27 weeks of age with no further change through to 35 weeks of age.
LH episode frequency was lowest at 3 weeks of age, an episodic pattern of LH release being present in only 3/12 heifers. By 7 weeks of age all heifers had an endogenous LH episode frequency of one or more episodes/24 h which then increased following a significant linear trend (P < 001). The rapid increase in LH episode frequency between 3 and 7 weeks of age resulted in a significant quadratic component of change within the data (P < 0001). Despite increasing in a linear fashion from 7 weeks of age, LH episode frequency at 35 weeks of age was still only approximately 5 episodes/24 h. The amplitude of LH episodes also increased linearly (P < 0-001) between 3 and 35 weeks of age (Fig. 2a) .
FSH data from the analysis of 24-h profiles are shown in Fig. 2(b) . Mean FSH concentrations showed a significant quadratic (P < 001) change with time, decreasing from 401 ng/ml at 3 weeks (Fig. 2b) . Mean gonadotrophin concentrations were also estimated from the single, weekly samples. These results are shown in Fig. 3 with the mean gonadotrophin concentrations estimated from the intensive sampling periods. Due to the large degree of variation between animals, no significant change in mean LH concentration was apparent using a weekly sampling regimen, but there was a trend for the weekly mean LH values to decline from birth to about 24 weeks of age, before increasing gradually up to the time of puberty. Weekly sampling revealed a significant, largely quadratic (P < 0001) change in mean FSH levels between birth and 39 weeks of age; mean FSH concentrations decreased from approximately 7 weeks of age to reach a nadir around 23 weeks, thereafter increasing to 39 weeks of age (Fig. 3b) . Representative LH profiles from individual heifers about puberty are also shown in Fig. 4(i) . No marked change in mean plasma LH concentrations was observed immediately before first ovulation (Day 0), although they did decrease from an overall mean value of 1-2 + 008 ng/ml for the 30 days preceding to 0-9 + 006ng/ml over the 7 days after this first presumed ovulation (Fig. 5) .
Although LH episode frequency did not apparently increase before first ovulation, it decreased from 7+1-0 episodes/24 h over the 30 days before to 1 + 10 episodes/24 h during the 7 days after first ovulation (Figs 4(i) and 5).
The amplitude of LH episodes showed no change over the immediate prepubertal period (Fig. 5) .
Representative FSH profiles from individual heifers, relative to first ovulation are illustrated in Fig. 4 (ii). No change in mean FSH concentration could be associated with the onset of oestrous cycles in these heifers.
Mean gonadotrophin concentrations derived from weekly sampling were synchronized relative to puberty, with the last sample taken either on or before the day of first presumed ovulation (Week 0). Data were then analysed over the 14 weeks before and 4 weeks after Week 0 (Fig. 6) . Weekly mean LH concentrations increased significantly during the 2 weeks before first presumed ovulation, producing both linear (P < 0001) and quadratic (P < result from different sampling regimens since they were seen with both sampling frequencies in this study. It is possible that they are due to seasonal factors which can influence the pattern of gonado¬ trophin secretion after birth in the lamb (Fitzgerald & Butler, 1982) and the heifer (Moseley et al., 1984) . In both species, LH concentrations are reported to be higher in the neonate born in autumn than in those born in spring (Schams et al, 1981; Fitzgerald & Butler, 1982; Schillo et al, 1983; Moseley et al, 1984) . Such influences may be the result of seasonal differences in management and rearing. Despite a seasonal involvement in FSH release in the lamb, no effect was seen in this study. Indeed, temporal changes in FSH concentrations of these autumn-born heifers were comparable to those of spring-born heifers in the study of Schams et al (1981) .
Reports of an episodic pattern of LH release developing during the first month of life in the lamb (Foster et al, 1975) , the heifer (Schams et al, 1981) and the bull (Amann & Walker, 1983) (Rahe étal, 1980) . A progesterone elevation of short duration, and comparable with that previously reported for the lamb (Berardinelli et al, 1980) and heifer (González-Padilla et al, 1975a; Berardinelli et al, 1979) , was observed before first oestrus in all but 2 heifers. In these individuals the sampling fre¬ quency was probably increased too late to detect it. Evidence from short cycles after periods of anovulation in the sheep indicate that this transient progesterone rise is produced after the ovulation of an immature follicle which responds poorly to the preovulatory gonadotrophin surge (Hunter et al, 1986) . A similar occurrence may well exist in the heifer during the transition to cyclic activity at puberty. In every heifer, this abnormal luteal phase was followed immediately by normal cyclic activity. It is proposed that the progesterone produced by this abnormal structure was sufficient to synchronize follicular development and ensure that the second preovulatory gonadotrophin surge occurred at the optimal time relative to preovulatory follicle development.
Collection of data immediately before first ovulation is difficult since there is no indication that puberty is about to occur. This has led to much speculation about the events leading to first ovulation. It is generally assumed that the first ovulation is stimulated by an increase in LH episode frequency, since ovulation may be induced in prepubertal animals by repeated administration of low doses of GnRH or LH for 72 h, creating an 'artificial follicular phase' (Foster et al, 1984; McLeod et al, 1985; Skaggs et al, 1986) . In this study, hormonal events around puberty were synchronized retrospectively, according to progesterone data and, therefore, the times of first ovu¬ lation are not precise. Another (Foster et al, 1984) . FSH concentrations decreased several months before puberty in this as in other studies (González-Padilla et al, 1975a; Schillo et al, 1983) , possibly due to rising levels of inhibin and/or oestradiol from developing follicles, and a general increase in ovarian activity at this time.
The mechanism whereby the first ovulation is stimulated is still uncertain. Gonadotrophin concentrations decreased in the present study during the neonatal period, possibly reflecting an increase in sensitivity of GnRH secretion to the inhibitory effects of ovarian steroids. From 15 weeks of age gonadotrophin concentrations gradually increased, possibly due to a gradual decrease in sensitivity to ovarian steroid inhibitory feedback. The 'gonadostat' hypothesis proposes that GnRH release 'escapes' from oestradiol inhibition at puberty. However, studies of the female rat indicate that concentrations of oestradiol which suppress the increase in gonadotrophin concen¬ trations after ovariectomy in the prepubertal animal are equally effective after puberty when used in combination with progesterone (Andrews et al, 1981) . These data suggest that a requirement for progesterone develops at puberty, rather than a decrease in the inhibitory effects of oestradiol. In the cow, a combination of progesterone and oestradiol are also required to restore gonadotrophin concentrations following ovariectomy (Beck et al, 1976) . Furthermore, it has been demonstrated in the rat that the resetting of the gonadostat follows the first preovulatory surge and is therefore a consequence of, rather than a cause of puberty (Andrews et al, 1981) . This may also be the case in the heifer, but it is evident that neither the preovulatory gonadotrophin surge, the increase in oestradiol before, nor the increase in progesterone after ovulation initiate this change in sensitivity to ovarian steroids. All of these situations have been artificially induced in the prepubertal heifer but none is followed by puberty (González-Padilla et al, 1975b; Barnes et al, 1980; McLeod et al, 1985; Skaggs et al, 1986) . Puberty has been induced in heifers, close to the natural age of cyclicity, by simulating changes in oestradiol and progesterone normally seen at puberty in the heifer, although this treatment was ineffective in younger animals (González-Padilla et al, 1975c) . It is therefore postulated that the central mechanisms controlling the cyclic release of gonadotrophins are not responsive to ovarian steroids until just before the onset of puberty. Consequently, puberty awaits the final maturation of some central component regulating gonadotrophin secretion, and this is supported by the abruptness with which the stimulus for ovulation developed in this study.
